The aim of this retrospective study was to evaluate a percutaneous pediculoplasty (PP) technique, using 3-dimensional C-arm CT reformation combined with fluoroscopic guidance for patients presented vertebral body metastasis with lytic pedicle. Thirteen patients (average age 57.8 years) were treated through lytic pedicle approach in our study. Subjective good and partial pain relief was reported with Visual Analogue Scale reduction 4 in 11/13 patients at 1 month after procedure, two patients with insufficient pain relief died from clinical complications unrelated with PP at 3 month follow-up. Pain relief was maintained in 10 patients at 6 month post-procedural follow-up. One patient died from underlying disease unrelated with the procedure at 5 month follow-up. PP through the lytic pedicle approach under 3-dimensional C-arm CT reformation combined with fluoroscopic guidance was a feasible, safe, and minimally invasive procedure that could provide both the precise control of needle placement and cement injection with one imaging system.
Introduction
A primary benefit of vertebroplasty is pain relief for vertebral metastasis, which is usually severe and frequently resistant to drug treatment (1). Lytic pedicle in conjunction with vertebral metastatic infiltration is not rare. The lesion can be the origin of devastating pain, and its management needs to be addressed. However, with the conventional percutaneous vertebroplasty technique, the lysed pedicle is usually not treated. Percutaneous pediculoplasty (PP), which can be defined as vertebroplasty-complementary technique, was first described by Gailloud et al. (2) for osteolytic tumors. This procedure was performed under CT or C-arm fluoroscopy (3) (4) (5) (6) . Rather good results were reported in both osteoporotic and tumor-related fractures. However, the severely lytic pedicles, which could not be directly visualized during anteroposterior fluoroscopy, represented a particular therapeutic challenge. Additional research is necessary to explore the preferred method of PP. The aim of this study is to report the results of a PP technique, using 3-dimensional C-arm computed tomography (CT) combined with fluoroscopic guidance in a group of patients with painful vertebral body metastasis with lytic pedicle. The clinical results and technical considerations are also discussed. 
Materials and Methods

Subjects
Eight male and five female patients with an averge age of 57.8 years (range, 48-74 years) were studied. These patients underwent PP with transpedicular access, who suffered from painful vertebral metastasis with at least one lytic pedicle. All patients were not candidates for surgery due to multifocal spinal disease, debilitated conditions, or pain resistance to conventional therapies including opioid, chemotherapy, and radiotherapy. Informed consent was obtained from all patients before study inclusion. Information from patient's medical records and radiographic studies was approved by Institutional Review Board. Computed tomography (CT) and/or magnetic resonance imaging (MRI) examinations were performed in each case to assess the presence of pedicle lysis ( Figure 1 ). The origin of osteolytic metastasis was lung in 7; breast in 3; kidney in 2; and liver in 1 patient. Pain intensity was scored on a Visual Analogue Scale (VAS) ranging from 0 (no pain) to 10 (maximum pain intensity). VAS scores were established at initial evaluation and by following up interview at 1 month, 3 months, and 6 months after the procedure. A total of 16 lytic pedicle lesions underwent PP, with treated lesions in each patient varied from one side to both sides: 10 patients had one side lesion of pedicle; 3 patients had both side lesions of pedicle. Six patients with additional thoracolumbar vertebral body osteolytic metastases without pedicle lesion also received concomitant verteroplasty accordingly. Table I is a summary of the clinical characteristics of all the patients including primary cancer type; lesion location; preprocedural and 1 month post procedural VAS scores. VAS scores were recorded at every visit during the 6-month post procedure follow-up.
Technique
The PP procedures were performed by one of two authors with extensive PVP experience (7, 8) . Under conscious sedation, each patient was placed in a prone position on the Table of the C-arm digitalized x-ray system (Innova 4100, GE, USA). The patient's skin was prepped and draped with standard antiseptic techniques. The access route through the lytic pedicle was defined on anteroposterior fluoroscopic images. If the pedicle was not visible or was only partially visible, a small metallic BB marker was placed on the skin at the anticipated entry point which deduced from the position of the contralateral pedicle. If neither pedicle was visible, the marker was placed by aligning to the position of pedicles above and below the level to be treated. Then, a 3-dimensional C-arm CT scan was performed through the thoracolumbar region. Innova CT reformation images data from a spin C-arm exposure (automatic adaptation of kV, mA and time of exposure) which run at an angle of 240° were reconstructed on the Advantage workstation (Innova 3D XR 1.0 GE, USA). Depending on the obtained images, the appropriate setting was marked to plan the location/path of needle through the lytic pedicle. With local anesthesia administration, 11-or 13-gauge needle was used to puncture the target collapsed vertebral body via pedicle under anteroposterior and lateral fluoroscopic guidance. While the needle passing through the pedicle, the orientation of bevel edge was adjusted to pointing medially to avoid penetration of spinal canal. Finally, the tip of the needle was placed in the anterior one-third or lesion region of the vertebral body under lateral fluoroscopic guidance ( Figure 2 ). After confirming the correct position of the needle, the bone cement was prepared as described previously (9), and was manually injected under lateral fluoroscopic guidance. When the vertebral body was filled adequately, the injection was stopped and the needle was withdrawn stepwise through the pedicle with externally orienting the bevel (Figure 3 ). The amount of cement contained in the lumen of the needle was delivered into pedicle with introducing the stylet into the needle (Figure 4 ). During the procedure, once cement leakage was detected, the injection was stopped. The sign of extrapedicular leakage was cement moving perpendicular to the needle. If patients suffered with bilateral pedicle lysis, the procedures were performed bilaterally. A biopsy was routinely performed before cement injection.
Results
Percutaneous pediculoplasty was successfully performed in all cases without clinical complication. Average VAS score was 8.6 before the procedure and improved to 3.5 at 1 month after the procedure. Mean duration of follow up was 5.5 months (3-6 months). Pain relief was considered good the score 0-3, partial the score 4-6, and insufficient or null the score 7-10. A good level of pain relief was observed in 7/13 patients, and partial pain relief 4/13 patients, insufficient pain relief in two patients (2/13), with reduction of VAS score of 1 and 2 respectively, at 1 month post-procedural following-up. The two patients with insufficient pain relief died from clinical complications unrelated with PP at 3 month follow-up. Good and partial pain relief was maintained in 10 patients at 6 month post-procedural following-up. One patient died from progression of their malignancy disease at 5 month follow-up (Table II) .
Discussion
The vertebral column is the most common site for skeletal metastases, and pain is a common symptom of vertebral metastatic disease (10). Vertebroplasty techniques (11) are increasingly being used to treat pain related to benign and malignant spine disease by injecting bone cement. Transpedicular route and direct lateral route are two main approaches for performing vertebroplasty in the thoracic or lumbar spine. The unaffected pedicle is an alternative access route for only one pedicle affected, the direct lateral route is usually used for the treatment of vertebral metastatic infiltration involving both pedicles (12, 13). However, the lytic pedicles are usually not treated with these techniques, and devastating pain arising from them is not diminished. So their management needs to be addressed. Lytic lesions involving the pedicular region appear to be a complex therapeutic challenge. The small space of the pedicle itself makes the observation of cement deposition difficult under fluoroscopy, and the pedicular region is close to neural structures, such as, the spinal cord medially and the exiting nerve root medially and inferiorly. Above factors might lead to high incidence of potential complications in percutaneous treatment of pedicular lytic lesions.
Investigators are modifying indications, contraindications, and the way in which the vertebrae should be filled with bone cement, with vertebroplasty technique being used increasingly. Especially, the technique has to be modified for larger lesions involving the pedicle and the vertebral body. PP under fluoroscopic guidance was first described by Gailloud et al. (2) in patients with pain caused by lytic vertebral pedicle lesions. These authors used a double needle technique to inject cement first in the pedicle and then in the vertebral body. Martin et al. (3) reported that transpedicular access treated lytic pedicle, the access was achieved by aligning the needle parallel to the position of pedicles above and below the level to be treated in which bone cement injected first in the vertebral body and then pulled back the needle through the pedicle, and delivered the amount of cement contained in the lumen of the needle by introducing the stylet into the needle. A report focused on the use of CT guidance in performing the procedure noted the higher precision in targeting the needle tip to the lytic pedicle and the better demonstration of the relationships within the treatment fields (5). However, that real-time monitoring of cement installation using fluoroscopy is a vital advantage that is not currently provided by the CT-guided approach. For this reason, we designed to perform PP under 3-dimensional C-arm CT reformation combined with fluoroscopic guidance. The technique had both advantages of CT and conventional fluoroscopy, which provided safe placement of the needle and real-time evaluation of cement distribution. The cement injection of pedicle was performed after filling of the vertebral body during retrieval of the needle; the delivered cement contained in the lumen of the needle, which was very viscous at this time, primarily filled the space that was created by the withdrawn needle. We believe that the opinion from Martin et al. (3) is reasonable that cement was observed to move perpendicular to the needle under lateral fluoroscopic guidance, which indicated potential extrapedicular leakage, the injection should be immediately stopped. Depending on anatomy, epidural venous plexus or the periradicular veins are not oriented parallel to the pedicle. Injection of cement might leak into the veins. Therefore an ascending or descending movement of cement in relation to the pedicle during the cement injection, which could be visualized in the lateral view, would be observed.
Some practitioners reported that 3-dimensional C-arm imaging was suitable for intraoperative visualization of the skeleton. Linsenmaier et al. (14) reported that compared with spiral CT, 3-dimensional C-arm system could yield considerable reductions in radiation dose, of 60% to 80%, for a comparable scanning volume with lumbar spine standard protocols. Their data showed that the quality of images of the normal anatomy of small joint was satisfactory. In the present study, the procedure was successfully performed in all cases without clinical complication. 11/13 patients experienced sustained subjective "good and partial pain relief " at 1 month post-procedural follow-up and the pain relief was maintained in 10 patients at 6 month post-procedural follow-up. All 3 dead patients died from progression of their malignancy disease unrelated with PP.
This study demonstrated that PP under three-dimensional C-arm CT combined with fluoroscopic guidance had a vital advantage that was precise control of needle placement and cement injection provided by one imaging system. However, a notable limitation of this study was the small size of patient samples, and most patients were in late stage of the disease, thus limited generalization of our data and long-term follow-up. A larger group of patients might reveal a higher complication's rate, especially treatment failure. Second, the absolute efficiency of PP for pain treatment was not evaluated; this was because the pedicle reconstruction and vertebral body stabilization were performed stimulously for metastatic disease involving pedicle and adjacent vertebral body in all patients in this group. Further evaluation of the utility of PP is needed for pain treatment in those patients with pedicular lytic lesions in whom metastatic disease in the vertebral body are absent.
Conclusions
PP is suitable, minimally invasive treatment option for patients who presented with painful osteolytic lesions involving the vertebral pedicle. This technique is similar in nature to vertebroplasty but presents an increased procedural risk because of the immediate vicinity of neural structures. In our opinion, three-dimensional C-arm CT combined with fluoroscopic guidance presently represents the safest approach to PP. We recommend through lytic pedicle approach should be as an alternative approach of PP for treatment of vertebral metastatic infiltration involving both the pedicle and the vertebral body with one access. No. of cases 13 11 10 Good or partial pain relief 11 11 10 Insufficient pain relief 2 0 0 Death* 0 0 1 *Death was not a result of the procedure, but of the patients underlying disease.
